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A TEST OF THE DURABILITY OF
SIGNAL-RELAY CONTACTS
I. INTRODUCTION
1. Purpose and General Plan of Test.-The electric relay oc-
cupies a very important position in the control of railway-signal
indications in systems of interlocking, block signaling, automatic
train control, centralized traffic control and highway-crossing pro-
tection. Its design and operation must comply with the fundamental
requirement that a train in the block, a misplaced switch, a broken
rail, a broken wire or other defect will result in the immediate display
of the "stop" indication by the appropriate signals governing train
operation.
The electric relay is defined by the American Institute of Elec-
trical Engineers as "a device that is operative by a variation in the
conditions of one electric circuit to affect the operation of other
devices in the same or another circuit." Both track and line relays
were used in the test. A track relay is one that receives, at least,
a part of its operating energy through the rails of the track, whereas a
line relay is one that receives its operating energy through conductors
that are independent of the track.
The most vital parts of the relay are the contacts, those surfaces
that separate to break the circuits and that close upon each other to
complete or make the circuits which the relays themselves control.
It is well known that the electrical resistance of these contacts gen-
erally changes after a period of operation when subject to mechanical
wear and to influences of weather, lightning, and other external con-
ditions. The relative effect of these influences is, however, not so
well understood. This test was undertaken, therefore, to try to
determine to what extent the durability of the relay is affected by
the nature of the materials composing the contacts and by the mere
mechanical wear of the contacts themselves. To this end, the experi-
ment was conducted in a room where the air was dry at all times and
where the temperature remained practically constant throughout the
entire period of the test. The equipment was thus free from moisture,
lightning, and those other influences that prevail in practice where
the relays are in housings along the right-of-way.
The tests were begun in January, 1927, and concluded in July,
1931. During that time the equipment was operated continuously
except for short intervals during the summer months and for such
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additional stops as were required for readings, for renewal of batteries
and replacement of lamps, and for maintenance of motor and speed-
reducing mechanism, of circuit-breakers and revolution-counters.
The relays were sealed and no repairs whatever were made to them.
In ordinary practice most relay contacts are opened and closed only a
few times a day; but in order to speed up the test, the contacts were
made to open and close sixty times an hour. Operating at this rate
during this interval of time, the relay contacts opened and closed
two million times, a number representing a far greater period than
the lifetime of any relay in normal railway service. The general
conclusions drawn from the test are given on page 13; but it is appro-
priate to state here briefly that even after making and breaking the
circuits the two million times none of the relay contacts showed any
important deterioration.
2. Acknowledgments.-This work was carried on as a part of the
program of the Engineering Experiment Station of the University of
Illinois, and was done under the general administrative direction of
DEAN M. S. KETCHUM, Director of the Engineering Experiment Sta-
tion, and under the immediate supervision of PROF. E. C. SCHMIDT,
Head of the Department of Railway Engineering. The relays,
batteries, transformers and lamps were furnished by the Illinois
Central Railroad Company through MR. H. G. MORGAN, Signal
Engineer, and MR. S. C. HOFFMAN, Signal Supervisor. Both Mr.
Morgan and Mr. Hoffman made many useful suggestions concerning
the program and procedure of the test.
II. THE RELAYS
3. Description of Relays.-The general arrangement of the equip-
ment is shown in Fig. 1. Three sets of relays, with two in each set,
were supplied for the purposes of the test. One set, numbered 1 and
2, was made by the General Railway Signal Company. The four
front contacts of relay No. 1 were CuC (a combination of copper and
carbon) to silver and the four back contacts were silver to silver.
The four front contacts of relay No. 2 were CuC to CuC and the
four back contacts were silver to silver. Another set, numbered 3
and 4, was made by the Union Switch & Signal Company. In both
of these relays the four front contacts were carbon to silver and the
two back contacts were silver to silver. The third set, numbered 5
and 6, was made by the Hall Switch & Signal Company. Relay No.
5 had the four front contacts made of carbon to silver laminations
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and the four back contacts of silver to silver. Relay No. 6 had the
four front contacts made of carbon to silver gauze and the four back
contacts of silver to silver. Relays Nos. 1 and 2 were line relays with
640 ohms resistance in the energizing coils, Nos. 3 and 4 were also
line relays with 670 ohms resistance in the coils, and relays Nos. 5
and 6 were track relays with 4 ohms resistance in the coils.
The pick-up, drop-away, and working values of the current in
amperes for the three sets of relays at the beginning of the test are
given in Table 1. A check taken at the end of the test indicated that
practically no changes in these values occurred during the test period.
The relays used in this test are representative of many thousands
of those that are now in service and that are likely to remain in
service for some time to come. Attention should, however, be direct-
ed to the fact that within the last few years new designs of relays
have become available which may in the long run displace those here
under consideration.
TABLE 1
PICK-UP, DROP-AWAY, AND WORKING VALUES OF CURRENT
1 2 3 4 5 6
Relay No. GRS GRS US&S US&S HALL HALL
Pick-up current, amps...... 0.0060 0.0064 0.0062 0.0062 0.078 0.078
Drop-away current, amps...0.0032 0.0032 0.0028 0.0028 0.037 0.037
Working current, amps...... 0.0100 0.0110 0.0094 0.0094.....
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FIG. 2. RELAYS, LAMPS, SHORT-CIRCUITING SWITCHES, VOLTMETER BINDING-
POSTS, TRANSFORMERS, AND GENERAL WIRING ARRANGEMENT
III. METHODS OF CONDUCTING TEST
4. Wiring Diagram.-The relays, lamps, short-circuiting switches,
voltmeter binding posts, transformers, and general wiring arrange-
ments are shown in some detail in Fig. 2, while the wiring diagram
for the various circuits is shown in Fig. 3. In this diagram, the
energizing coils of the four line relays are connected in multiple to a
battery of twelve Edison primary cells connected in series. The
energizing coils of the two track relays are connected in multiple to a
battery of two Edison primary cells also connected in multiple. The
fingers of the relays are connected by pairs in multiple to a power
line so that the contacts of each pair receive the current independ-
ently of any others. The power current passing over the contacts is
alternating current taken from the secondary coils of two transformers
connected in multiple, and is used to light 30-watt lamps of the type
employed in railway-signal service. This use of equipment and appli-
cation of power corresponds to the conditions in practice where relay
contacts control the lights used in electrically-lighted signals and
other similar devices.
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The system of numbering the relay contacts is shown in the fol-
lowing diagram:
1 2
Relay No. GRS GI
Contact No. F-1 2 3 4 12
B-1234 12
The methods of connecting the fingers in pairs to the lamp circuits
are shown in Fig. 3. In the case of relays Nos. 1, 2, 5, and 6, contacts
F-1 and F-2 are in one circuit and F-3 and F-4 in another, while B-1
and B-2 are in one circuit and B-3 and B-4 in another. In the case
of relays 3 and 4, there are no back contacts 2 and 3. Therefore, con-
tacts F-1 and F-4 are in one circuit, F-2 and F-3 in one, and B-1
and B-4 in another.
The relay energizing coils are connected to the batteries through a
circuit-breaker in such a way that the coils are energized for a period
of one-half minute and de-energized for the same length of time, thus
opening and closing the contacts sixty times an hour., The circuit-
breaker is actuated by a 110-volt alternating-current motor operating
through a gear-reducing mechanism having a reduction ratio of 1800
to 1. The circuit-breaker is a fiber cylinder two inches in diameter
and one inch in thickness, covered full width for one-half of its cir-
cumference with a thin brass plate. This completes the circuit be-
tween the two terminals of both sets of batteries for one-half revolu-
tion of the cylinder, or for a period of one-half minute. The revolu-
tion-counters installed on the circuit-breaker record the number of
revolutions the circuit-breaker makes, and, consequently, the number
of times the relay contacts open and close. The motor, gear-reducing
mechanism, and circuit-breaker are shown in more detail in Fig. 4.
The circuits are so arranged that the voltages are all read on one
panel, marked "Voltmeter Terminals" in Fig. 3. The voltage of the al-
ternating current in the power line is read between the posts marked
EAc. The voltage of the twelve Edison cells energizing the four
line-relay coils is read between the posts marked EDC,, and of the two
cells energizing the two track-relay coils, between the posts marked
EDc,. The amount of the alternating current flowing over the con-
tacts in each lamp circuit is read between the ammeter binding posts
of that circuit when the short-circuiting switches are opened. The
amount of the current from the battery energizing the coils of the
four line relays is read between the two posts marked IDC, when
their switch, No. 13, is opened, and the amount of the current from
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FIG. 4. MOTOR, SPEED-REDUCING MECHANISM, CIRCUIT-BREAKERS,
AND REVOLUTION-COUNTERS
the battery energizing the coils of the two track relays, between the
two posts marked IDC, when their switch, No. 14, is opened. The
closing and opening of these two switches, Nos. 13 and 14, serves to
energize and de-energize the relay coils and thereby permit readings
of alternating current through front and back contacts of the relays.
All through the period of the test the voltage of the alternating-power
current was somewhat variable, since this line was connected directly
to the University power circuit. The two sets of Edison cells were
renewed whenever they were reduced to the point where they could
not supply the working current.
5. Readings During Test.-Voltmeter and ammeter readings were
taken, on the average, about once a week to determine the voltage
and amount of current passing to the relay coils from both batteries,
and also the voltage and amount of current passing over each front
and back relay contact. The pressure in the power line varied be-
tween 7.0 and 8.0 volts with an approximate average of 7.7, and the
current varied from between 2.5 and 3.1 amperes with an approxi-
mate average of 2.75. Readings to determine the resistances of the
relay contacts were taken about once a month. A local circuit was
set up for this purpose with current supplied from one or two cells of
an Edison storage battery. The connections for this local circuit are
shown in Fig. 5. Generally, three signal lamps, connected in multiple,
furnished the resistance. In order to set up this circuit and make it
available for all of the relays, the alternating-current power was shut
off and a jumper was put in to connect binding posts P1 and P2 of
relay No. 2. The current from the storage battery then flowed
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through the three lamps, through the ammeter to the binding post of
the contact being measured, through the contact itself, through the
relay finger and then through the common power line wiring to post
Pi and finally to the battery. It was possible to use the power con-
nections to complete the circuits in this way since they were all in
multiple and all wires were short and were large enough in cross-
sectional area to offer practically no additional resistance. The volt-
meter was connected in multiple with each relay finger as indicated
in Fig. 5. By this arrangement, the only thing that had to be done to
the circuit to read each one of the contacts was to change the con-
nections from F-1 to F-2, then to F-3 and to F-4 for each relay. The
relay coils were de-energized to get back-contact readings by opening
the switches Nos. 13 and 14. The values for the current in these
circuits ranged up to 4 amperes and voltages up to 1 in extreme
cases. Three sets of readings of both voltage and current were taken
for each front and back contact each time an observation was made
to calculate the resistance of the contacts. A constant interval of
time was used before the readings to secure uniform conditions of
heating from the passing current.
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IV. RESULTS
6. Results of Test.-The resistances of the various relay contacts
are plotted as ordinates and the number of revolutions of the circuit-
breaker as abscissas in Figs. 6, 7, and 8. One revolution of the
circuit-breaker represents a complete cycle of opening and closing the
contacts. An examination of the curves indicates that the resistances
of the back contacts on all of the relays changed very little during the
test period. In some cases the resistances of the front contacts
increased for a time and then dropped to the original level again.
It must be understood, of course, that the results of this test can
be applied only to the conditions in practice where relays are used to
control the circuits of electrically-lighted signal lamps and other
devices that are operated under similar conditions. In many of the
other service applications of the relay, the current and other operat-
ing conditions are so different that similar tests made under those
circumstances might perhaps show somewhat different results.
V. CONCLUSIONS
7. Conclusions from Test.-In general, the curves in Figs. 6, 7, and
8 show that the resistances of the front contacts were more variable
than the back. The nature of the materials composing these contacts
had, no doubt, a contributing influence in these variations. Possibly,
in some instances, the variations were due to small particles of ma-
terials breaking off the face of the contacts thereby increasing the
width of the airgaps and then wearing away to normal conditions
again. Some of the differences between the resistances of the contacts
in the same lamp circuit may be due to the fact that these contacts
broke the circuits on each side of the lamp, and since it is impossible
to adjust two contacts so that they always make and break the circuit
at exactly the same time, the contact which makes last and breaks
first is subject to more burning. None of the curves, however, show
any appreciable permanent increase in the resistances of the contacts.
Even though the total number of times that the contacts opened
and closed represents a much longer period of time than the normal
life of a relay in service, none of the contacts, either front or back,
in any of the relays, showed any indications of heat or corrosion or
any other signs of breakdown or failure. The results of this test seem
to point to the conclusion, therefore, that in a relatively large per-
centage of the cases where relays have to be removed from service, the
depreciation is due to conditions of weather and other causes rather
than to the behavior of the materials in the contacts themselves.
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*Bulletin No. 246. Investigation of Warm-Air Furnaces and Heating Systems,
Part V, by Arthur C. Willard, Alonzo P. Kratz, and Seichi Konzo. 1932. Eighty cents.
*Bulletin No. 247. An Experimental Investigation of the Friction of Screw
Threads, by Clarence W. Ham and David G. Ryan. 1932. (In press.)
*Bulletin No. 248. A Study of a Group of Typical Spinels, by Cullen W. Parmelee,
Alfred E. Badger, and George A. Ballam. 1932. Thirty cents.
*Bulletin No. 249. The Effects on Mine Ventilation of Shaft-Bottom Vanes and
Improvements in Air Courses, by Cloyde M. Smith. 1932. Twenty-five cents.
*Bulletin No. 250. A Test of the Durability of Signal-Relay Contacts, by Everett
E. King. 1932. Ten cents.
*A limited number of copies of bulletins starred are available for free distribution.
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The University includes the following departments:
The Graduate School
The College of Liberal Arts and Sciences (Curricula: General with majors,
in the Humanities and the Sciences; Chemistry and Chemical Engi-
neering; Pre-legal; Pre-medical; Pre-dental; Pre-journalism; Applied
Optics)
The College of Commerce and Business Administration (Curricula: Gen-
eral Business, Banking and Finance, Insurance, Accountancy, Trans-
portation, Industrial Administration, Foreign Commerce, Commercial
Teaching, Trade and Civic Secretarial Service, Public Utilities, Coin-
merce and Law)
The College of Engineering (Curricula: Ceramics; Ceramic, Civil, Electri-
cal, Gas, General, Mechanical, Mining, and Railway Engineering; En-
gineering Physics)
The College of Agriculture (Curricula: General Agriculture; Floriculture;
Home Economics; Smith-Hughes-in conjunction with the College of
Education)
The College of Education (Curricula: Two year, prescribing junior stand-
ing for admission -General Education, Smith-Hughes Agriculture,
Smith-Hughes Home Economics, Public School Music; Four year, ad-
mitting from the high school-Industrial Education, Athletic Coaching,
Physical Education. The University High School is the practice school
of the College of Education)
The College of Law (three-year curriculum based on a college degree, or
three years of college work at the University of Illinois)
The College of Fine and Applied Arts (Curricula: Music, Architecture, Ar-
chitectural Engineering, Landscape Architecture, and Painting)
The Library School (two-year curriculum for college graduates)
The School of Journalism (two-year curriculum based on two years of
college work),
The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The College of Pharmacy (in Chicago)
The Summer Session (eight weeks)
Experiment Stations and Scientific Bureaus: U. S. Agricultural Experiment
Station; Engineering Experiment Station; State Natural History Sur-
vey; State Water Survey; State Geological Survey' Bureau of Educa-
tional Research; Bureau of Business Research.
The Library Collections contain (July 1, 1931) 83?,643 volumes and 221,000
pamphlets (ipn Urlana) and 45,241 volumes and 7,875 pamphlets (in
Chicago)and inforat d s T
For catalogs and information address TIE EGISTRARn, Urbana, Illinois.
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